fertilizers and animal feeds.
Recent studies showed that the utilization of Bacillus cereus 103PB 10 , ultra-filtration membrane 11 , electrocoagulation reactor 11 and vermicompost 12 can reduce BOD, colour and total suspended solid in the waste water effectively. In the past decades, a number of studies reported that POME possessed high contents of polyphenolic compounds and these compounds demonstrated antioxidant activity, cardioprotective effect, reduce atherosclerosis, cytotoxicity 13 , neuroprotective effect 14 . As of today, there is no comprehensive research performed on the value-added products of palm oil mills. This indeed is a good approach to increase value adding of palm oil mills. In this study, we aim to recover and utilize value-added products from the palm oil mill, particularly from the POME source before being discharged into watercourses.
EXPERIMENTAL

Sample collection and extraction
The samples of before pre-recovery system X and after pre-recovery system Y were collected freshly from clarification tanks of Tai Tak Palm Oil Mill, Kota Tinggi, Johor, Malaysia on 13 th July 2016. Sample X was collected from the settling tank which involves separation of oil and sludge by sedimentation while sample Y was collected from the recovery system where the remaining oil of sludge is recovered. The samples were extracted by Soxhlet apparatus with chloroform for 2 hours. The samples were evaporated to dryness using rotary evaporator to obtain oil extracts.
Proximate analysis
The total protein concentration of the samples were measured using Dumas combustion method 15 . The total water content of the samples were analyzed using MPOB Test Method p2.1 Part 1:2004. The total lipid of the samples were obtained using modified Folch method 16 as mentioned in Section 2.1. The total carbohydrate content of the samples were determined using the formula below as recommended by Merrill et al. 17 .
Total carbohydrate 100 weight in grams protein fat water in 100 g of sample
The energy value of individual macronutrients were calculated based on the of Atwater factors. The energy available from the samples were calculated by multiplying the number of grams of carbohydrate, protein, and fat by the Atwater factors of 4, 4 and 9 kcal/g, respectively 17 . The test was carried out in triplicate for each sample. 18 . In brief, 250 mg of sample was saponified with a solution of ethanolic potassium hydroxide by boiling under reflux. The unsaponifiable matter was isolated by solid-phase extraction on an aluminium oxide column. The sterol fraction was separated from unsaponifiable matter by thin-layer chromatography. The compounds were separated on a Gas-chromatography GC Perkin Elmer on a SAC fused capillary column 30 m L 250 μm D 0.25 μm Film under isothermal condition at 265 . Helium is used as carrier gas and the temperatures of injector and detector were set at 280 . Peaks were identified by comparison of the retention time of the standard compounds, β-sitosterol, cholesterol, campesterol, stigmasterol and squalene.
Total carotene content of extracts were conducted using MPOB Test Method p2.6:2004. Approximately 0.1 g of oil extract was dissolved in 250 mL of n-hexane. The absorbance of oil extract was measured at 446 nm. The total carotene content of oil extracts were determined using the formula below.
Total Carotene Content 383 E / Ic
where E is the observed difference in absorption between the oil extract and hexane, I is the path length of the cell cm and c is the concentration used for absorption measurement g/100 mL .
The tocopherols and tocotrienols of extracts were analyzed using normal phase HPLC Agilent 1100 series on a Silica Hypersil column 250 mm L 4.6 mm D coupled to a fluorescence detector 19 . The detection wavelengths for excitation and emission were 295 and 325 nm, respectively. The mobile phase used was n-hexane, 1-dioxane and 2-propanol at 97.5: 2.0: 0.5 v/v/v. The test was carried out in triplicate for each sample.
Products Characterisations
An amount of 50 μL of oil extract was dissolved in 1 mL of toluene, placed in a flask fitted with a condenser and treated with 2 mL of acidified methanol 2 H 2 SO 4 v/v in methanol . The mixture was heated under reflux for 2 h at 80 . After reflux process, 5 mL of 5 sodium chloride solution was added into the mixture, subsequently extracted with hexane 5 mL 2 and washed with 2 sodium bicarbonate. The upper layer was then collected and concentrated under reduced pressure. The fatty acid methyl ester FAME was then kept for GC analysis. The FAME of oil extracts were determined using GC coupled to a mass spectrometer on a J&W DB-WAXetr column 30 m L 250 μm D 0.25 μm Film ; Agilent Technologies, US 20 .
The carrier gas used was helium at a flow rate of 20 mL/ Regio-specific analyses of oil extracts were executed using JEOL ECZ-600MHz NMR spectrometer 21 . Approximately 100 mg of oil extracts were dissolved in 500 μL of deuterated chloroform CDCl 3 and analysed by quantitative 13 C NMR. The fatty acid positional composition in the triacylglycerols of oil extracts were acquired under a relaxation delay of 15.0 s, 8192 data points, a 90º pulse angle and a spectral width of 1500 Hz at which the acyl chain carbonyl carbons resonate. The test was carried out in triplicate for each sample.
Determination of total phenolic content TPC
The total phenolic content of extracts were measured using Folin-Ciocalteu method with some modifications as described by Teh et al. 22 . Gallic acid was used as the standard in the experiment. TPC of extracts were expressed in terms of gallic acid equivalents GAE . The calibration equation for gallic acid was y 0.261 0.088 R 2 0.9962 where x is the gallic acid concentration in μg/mL and y is the absorbance reading at 725 nm. The values were presented as the means of triplicate analyses standard deviation.
2.6 Determination of total avonoid content TFC Total flavonoid content of extracts were measured using spectrophotometric method 23 . Rutin hydrate was used as the standard in the experiment. TFC of extracts were expressed in terms of rutin hydrate equivalents RE . The calibration equation for rutin hydrate was y 0.035 0.0029 R 2 0.9941 where x is the rutin hydrate concentration in μg/mL and y is the absorbance reading at 415 nm. The values were presented as the means of triplicate analyses standard deviation.
Evaluation of Antioxidant Activity
DPPH Free Radical Scavenging Activity
Scavenging activity of extracts were assessed using DPPH free radical assay 22 . Ascorbic acid was used as the standard in the experiment. The average absorbance of each extract was calculated and the average value was used to determine the percentage of total radical scavenging activity by using the following formula:
Percentage of free radical scavenging activity A average B average A average where, A is the absorbance of blank, and B is the absorbance of extract. The absorbance values were recorded at 517 nm. The values were presented as the means of triplicate analyses standard deviation. 2.7.2 Nitric Oxide NO Scavenging Activity NO scavenging activity of extracts were determined by the method as described in by Tsai et al. 24 . Gallic acid was used as the standard in the experiment. The average absorbance of each extract was calculated and the average value was used to determine the percentage of NO scavenging activity by using the following formula:
Percentage of free radical scavenging activity A average B average A average where, A is the absorbance of blank, and B is the absorbance of extract. The absorbance values were recorded at 560 nm. The values were presented as the means of triplicate analyses standard deviation.
Ferrous Ion Chelating Activity
The ferrous ion chelating activity of extracts were measured by the method described in Carter 25 . EDTA was used as the standard in the experiment. The iron chelating activity of extracts were calculated from the equation:
Percentage of chelation Ac average B average A average where, A is the absorbance of blank, and B is the absorbance of extract. The absorbance values were recorded at 562 nm. The values were presented as the means of triplicate analyses standard deviation.
RESULTS AND DISCUSSION
Proximate analysis
The science of food analysis has been refined constantly to ensure the safety, quality, and traceability of foods are in compliance with legislation and demands of consumers. Food analysis can be further subdivided into various parts in accordance to the characteristics of food such as composition, structure, physiological properties and sensory attributes. The principal structural components of foods comprise of lipids, proteins and carbohydrates. These are the main components listed in nutritional fact, which is an important piece of information for individuals to monitor their diets in order to maintain healthy diets. Hence, proximate analysis was carried out and the results are summarized in Table 1 . The results indicated that the sample before pre-recovery system X has remarkably higher total fat content and marginally lower carbohydrate content if compared to the sample after pre-recovery system Y . In fact, carbohydrates are one of the major classes of food components which serve as a major source of energy. Thus, the high calorie content of X is implied to be contributed mainly by its significant high level of fat content 63.7 g/100g sample . Overall, the high calorie values of both samples X 596.65 and Y 235.45 kcal/100 g suggest that they are good sources of energy 17 . Thus, the palm fruits are widely consumed as food by African tribes to help in boosting the energy level in their bodies 26 .
Refer to Table 1 , the moisture content of sample X was seen to be lower than sample Y, indicating that X would have greater storage stability. This statement is supported by Joslyn who described that low moisture content of food is able to prevent the growth of food microorganism, as well as alleviate enzymatic reaction within the food 27 . On the other hand, protein content of sample Y is slightly higher than sample X, revealing that Y is a good source of protein. Protein is an essential nutrient for human body as it promotes growth and maintenance. Moreover, it plays an important role in food and food products as functional ingredients. Functional characteristics of proteins refer to physical or chemical properties of proteins in foods during processing, storage, preparation, and consumption 28 . The proximate analysis of samples was determined and subsequently suggesting both samples are nutritious foods.
Total Sterol, Carotene and Squalene contents
Crude palm oil is known to be comprised of minor nutritious constituents including sterols, carotenoids, squalene, tocotrienols and tocopherols. Phytosterols are natural occurring steroids that are ubiquitous in plant species. It is widely used in enriched food supplements and commercially added to foods for its beneficial properties. Phytosterols have been proven scientifically that they are able to reduce low density lipoprotein LDL and total cholesterol levels, induce apoptosis in prostate, breast and colon cancer cells, interrupt testosterone metabolism by enzymatic reactions, as well as inhibit the production of pro-inflammatory and matrix degradation mediators 29 . The concentrations of the total sterols, in addition to its individual sterols cholesterol, campesterol, stigmasterol and β-sitosterol for lipid extracts were examined and tabulated in the Table 2 . The results show that the total sterols present in extracts X and Y are 508.7 and 160.8 ppm, respectively with β-sitosterol present as the dominant sterol. It is observed that the concentrations of all individual sterols are relatively higher in extract X. This is possibly due to several stages of skimming processes designed in the clarification tanks of the mill that results in the valuable components to be skimmed off during the process. These components are well retained in the clarification tank where extract X was collected. In addition, the concentrations of total sterols, together with β-sitosterol of both extracts found in this study are similar to that of crude palm oil, reported by Siew 30 . By comparing to the same source, extract Y shows lower concentration of campesterol, stigmasterol and cholesterol than crude palm oil, while extract X shows higher concentrations of cholesterol and stigmasterol 30 . The difference of the amounts of sterols between crude palm oil and extracts is mainly due to the oil extraction processes in refinery. Carotenoids are orange pigments that are widely available in plants. Some of the carotenes can be converted into vitamin A in the human body. Previous research findings showed that the foods enriched with carotenoids possessed various protective health benefits such as anti-inflammatory, antioxidant and anticancer activities 31 . An increase in the consumption of carotenoids-rich food are claimed to be 33 . The extracts were evaluated for total carotenoids and squalene contents and the results are presented in Table 2 . The total carotenoids contents of X and Y are 519.0 and 569.0 ppm, respectively, while total squalene contents are 706.5 and 513.5 ppm. The carotenoids contents shown were similar to the crude palm oil that was reported by Jacobsberg 34 whereas the squalene contents were comparable with that of the literature data reported by Gapor et al. 35 for crude palm oil. The results indicated that the mechanical and physical extraction processes in the refinery where the crude palm oil is produced do not interfere the amount of carotenoids and squalene contents, unlike the fractionation process that reduced the concentration of carotenoids tremendously 34 . In this study, extract Y exhibited higher carotenoid content than extract X. Heat treatment and centrifugation that took place in the clarification tank are responsible for the changes in carotenoid contents. This is supported by previous studies which showed that the carotenoid content in cherry tomatoes can be enhanced by thermal and mechanical processes due to higher lycopene extractability from the vegetable matrix 36 .
Besides, the vitamin E contents of both extracts were studied and presented in Table 3 . The results indicated that X and Y possessed 743.42 and 705.98 ppm of total tocols, respectively which were comparable with that of crude palm oil 37 . Both extracts showed similar amount of tocotrienols and tocopherols. Interestingly, both extracts have slightly higher β-tocopherols than that of palm olein. The differences between the extracts and palm olein are mainly due to the processing parameters and materials used during refinery processes. Previous studies have proven that tocols are able to exert beneficial roles on neurological function, regulate enzymatic activities and gene expression, as well as antioxidant and anti-clotting activities 38 . Both extracts are found to be containing these minor components, which possess numerous health beneficial effects, proposing both extracts as good sources of nutritional food.
Products characterizations
The GCMS analysis for the lipid extracts are summarized in Table 4 and the results indicated that both extracts contain similar fatty acid composition. The extracts X and Y contain predominantly palmitic acid 44 and oleic acid 40 , followed by linoleic acid 9 and stearic acid 4.19 . These results were comparable with the fatty acid profile of palm oil 39 . As a comparison with palm olein, both extracts were found to contain slightly higher palmitic acids than palm olein 40.9 but lower oleic acids than plam olein 41.5 30 . This is due to the refinery process where the palm oil is fractionated into two fractions, which are palm stearin with higher melting point components and palm olein with lower melting point components 30 .
The positional distribution of fatty acids in extracts X and Y were determined with NMR analysis and the results are tabulated in Table 5 . A number of clinical studies reported that adults who consumed palm olein and olive oil diets 6 , palm olein and canola oil diets 8 and palm olein and groundnut oils diets 41 ,
showed comparable serum cholesterol profiles. The reason is that all of the tested oils contain similar saturation levels at sn-2 position at triglycerides with less than 20 discrepancies among each other, as reported by Teh et al. 21 .
Previous literature also demonstrated that the adults fed with palm olein diets have significantly lower cholesterol levels than that of lard diets, even though both diets have similar total fatty acid compositions 41 . Thus, it is notably that the significant differences of their fatty acids at sn-2 position contributed to the outcomes. Meanwhile, saturated fatty acids at sn-1,3 positions play an important role in the reduction of fat deposition 42 . This is due to the saturated fatty acids at sn-1,3 positions cannot readily digest through enzymatic reaction in the body and will bind to calcium or magnesium in the body to form insoluble calcium or magnesium soaps, subsequently expelled from the body in the form of excretal 43 . Therefore, extracts X and Y are good sources of food in terms of cholesterol levels and fat deposition.
3.4 Total phenolic content TPC and total avonoids content TFC TPC and TFC of extracts X and Y were evaluated and summarized in Table 6 . TPC of the extracts are presented as gallic acid equivalent μg of gallic acid/g of sample . Sample X 3545.39 μg/g exhibited a TPC value, which is three times higher than that of sample Y 1162.99 μg/g . However, both samples X and Y possess lower TPC values as compared to that of palm olein control with the variations of 27.5 and 76.2 , respectively. On the other hand, TFC of extracts were expressed as rutin equivalent μg of Table 4 GC analysis of oil extracts.
Fatty acid composition
Before pre-recovery system (X) (g/100 g of fatty acids)
After pre-recovery system (Y) (g/100 g of fatty acids) 44 . The result suggests that both samples X and Y are likely to contain these constituents but with varied amount.
3.5 Antioxidant Activity DPPH radical scavenging, nitric oxide NO scavenging and ferrous ion chelating FIC assays have been performed to evaluate the antioxidant activities of extracts X and Y. The results as presented in Table 7 indicated that both extracts possesses stronger antioxidant activities in FIC assay. FIC activities of both extracts are presented in half maximal effective concentration EC 50 with EDTA as a control. The EC 50 values obtained for extracts X and Y in FIC assay are 31.09 and 15.15 mg/mL, respectively. Both extracts exhibited comparable weak DPPH scavenging activities at the concentration of 1 mg/mL. For NO scavenging assay, only extract X is able to exhibit 13.2 scavenging effect at the concentration of 5 mg/mL, indicating weak scavenging effects of both extracts. The results implied that the oil extracts possess antioxidant activities in different mechanisms extent.
The ion chelating properties is important due to the accumulation of transition metal ions causes tissue damage and leads to inflammation and cancer 45 . Thus, FIC results highlighted the therapeutic importance of the chelation capacities of both samples collected from palm oil mill. The ion chelating capacity is correlated to the electron-donating ability 46 , suggesting that this ability attributed to the observed antioxidant properties in the extracts. The components that contributed to the antioxidant properties of extract are possibly due to the tocols and flavonoids. Vitamin E compounds, including tocopherols and tocotrienols are well known for its antioxidant properties due to their phenolic hydrogen donating ability with less contribution from singlet oxygen quenching 47 . Samples X and Y are proven to be tocols-rich as shown in Table 3 , suggesting that the antioxidant properties are mainly contributed by tocopherols and tocotrienols. Previous studies also revealed that flavonoids possess various potent antioxidant activities, besides anti-atherosclerotic, anticancer and antiinflammatory activities 48 . Therefore, the antioxidant activity of the extracts are also possibly due to the presence of flavonoids, supported by TFC values presented in Table 6 .
CONCLUSION
As a summary, both of the samples are good source of food, attributed of their nutritional values. Indeed, these samples are not solely served as an alternative food source for human but also providing a solution for diminishing or mitigating the environmental impacts of POME, and possible lead to zero discharge. 
